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gravity data together with more accurate volcanic volumes calculations in order to 31 investigate the subsurface structure of the Payenia volcanic province. The volume of 32 material was calculated using digital elevation models and geographic information 33 system (GIS) techniques to estimate the volume of material erupted and then, with 34 those values, make an estimation of the intrusive material that could be located within 35 the crust. The results of the calculations were compared with different 2D-sections 36 constructed to model the gravity data and compare with the observed satellite gravity. 37
After evaluating different models which have been generated to match both: the 38 observed gravity data and the subsurface material calculated, we discuss those that 39 best fit with observation. The results clearly indicate that the lithosphere is attenuated 40 below the region. 41
Introduction 46
In this study we used two independent techniques to study the subsurface 47 structure of the Payenia volcanic province. We used geographic information system 48 (GIS) techniques for volume calculations and gravimetric modeling to obtain a 49 quantification of the volume of igneous material by each independent method and then 50 we combined those results. The Southern Volcanic Zone of the Andes has a Quaternary 51 basaltic province along the retroarc which has a unique tectonic setting. The presence 52 of Payenia, a large Quaternary volcanic province of basaltic composition in the foreland 53 region, behind the active volcanic arc is unique in the entire Andean chain from 54
Colombia to Tierra del Fuego (Fig. 1 ). This volcanic province erupted through more than 55 800 volcanic centers in the last ~2 Ma, is developed between 33º30′ and 38º over more 56 
Gravity data 98
Several geophysical studies have been done in order to understand the thermal 99 state across the Payenia region especially dedicated to infer the crustal thickness 100 associated with the geodynamical setting. From the very beginning it was observed that 101 the region of the Payenia was not isostatically compensated (Diez Rodríguez and 102 Introcaso, 1986) . Assuming densities of 2.67 g/cm 3 for the topography above the sea 103 level, 2.9 g/cm 3 for the crust, and 3.2 g/cm 3 for the mantle, a simple relation can be 104 used to calculate the roots of a given topography using the Eq. (1) 105
(1) 106 107 where h is the topography and R is the thickness of the roots for each topographic point 108 (Introcaso, 1997) . Using a digital elevation model (DEM) SRTM-30, (which was slightly 109 smoothed for the calculations) and assuming that all the crust is isostatically 110 compensated by the Airy hypothesis, the thickness of the crust was calculated from Eq. 111
(1) and adding a normal crust of 35 km to the root thicknesses. (http://icgem.gfz-potsdam.de/ICGEM/) (Fig. 2) . The subtraction of the isostatic 116 correction from the Bouguer anomaly, assuming a perfectly compensated model, should 117 yield a zero isostatic anomaly. As seen in Fig. 2 , the topographic profile at 36ºS is near 118 to be fully compensated, but there are local anomalies which indicate that another 119 geodynamic process, and/or density heterogeneities present within the crust, would be 120 affecting the gravity signal.
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
5 such effects. Techniques using different frequencies were applied to identify those 124 different sources, like the upward continuation technique and Butterworth filter 125 (Ancilliary fig. 1 ) (e.g., Blakely, 1995) . 126 In order to isolate the short wave-lengths anomalies, which mostly correspond to 127 upper crustal gravimetric effects, we have discounted long wave-length anomalies using 128 an upward continuation analyses. These types of analyses recomputed the gravimetric 129 field to an arbitrary height above the registration level. The difference between the 130 upward continuation computed and the measured Bouguer anomalies constitutes a 131 residual grid that reflects short wave-lengths gravimetric components that mostly 132 correspond to upper crustal density contrasts. 133 The Airy decompensated isostatic anomaly was obtained by doing an upward 134 continuation up to 35 km above the sea level (Fig. 3a) , to eliminate the superficial 135 anomaly sources and short wavelengths. This grid which reflects the long-wave 136 anomalies was subtracted to the original isostatic anomaly to obtain the short wave-137 length components (Cordell, 1985 that shallow high density bodies are not sources of important anomalies (Fig. 3b) a cutoff of 300 km and filter order 8 (Blakely, 1995) . This filter eliminates anomalies 151 higher than 300 km wave-length but in the filtered grid a central positive anomaly can be
Model construction 155
To identify the sources responsible of the observed gravimetric anomalies, 156 different models in 2-D cross sections were generated to simulate their gravimetric 157 response. The simulated gravity profile of each section was compare with the observed 158 gravity data in order to verify their validity. These models were constrained by the 159 magnetotelluric data from Burd et al. (2008 Burd et al. ( , 2014 who presented a conductivity model 160 for the first 500 km depth at 36º30′S; geometries and depth derived from seismic and 161 magnetotelluric data (Gilbert et al., 2006; Tassara, 2006) ; passive seismic studies 162 performed by Yuan et al. (2006) at 39ºS; and the works of Folguera et al. (2007) and 163 Ramos y Folguera (2011), which proposed an attenuation of the crust under the area of 164 the Payenia supported by seismic data, which also show subcrustal low velocity zones 165 (Wagner et al., 2005; Gilbert et al., 2006) . Based on all these results we constrained the 166 geometry of the density bodies in the cross section from which we obtained a modeled 167
Bouguer anomaly with the Oasis Montaj software that could be directly compared with 168 the observed Bouguer anomaly derived from the EGM-2008. 169 Using these geometries, fixed by independent data, we were allowed to test 170 different densities based on the "geological standard model" (Table 1) conditions. We obtained, after different tests, two plausible 2D-density models where 175 the calculated gravity fits with observed gravity. 176
In the first model that we show ( data, an alternative model was tested in which we incorporated a 13 km thick planar 194 body of dense subvolcanic material instead of the attenuation of the crust (Fig. 4b) . Both 195 models are plausible, and have a similar gravimetric response, but to verify which of the 196 two models is more appropriate we estimated the amount of material that could have 197 been emplaced below as a function of the extruded material. and the upper one which is the present topography. This methodology proves to be 208 efficient for individual volcanoes (Völker et al., 2011) . The volume calculations were 209 made in a sequential mode, based on the different ages of volcanism, starting by the 210 younger ones and continuing to subsequent older material. First we performed a 211
Geographic Information System (GIS) using the ages and maps compiled from Ramos 212 and Folguera (2011) together with the topography of the area. Later on we grouped the 213 material into three intervals based on the different ages ( Table 2 ). The first interval 214 between the present and 0.6 Ma, the second one between 0.6 and 1.165 Ma, and theM A N U S C R I P T A C C E P T E D (Table 2) . 228
All these local centers stand above a basaltic plateau younger than ~2 Ma. Smith and Shaw, 1975, 1979; Crisp, 1984; 248 Francis and Hawkesworth, 1994; de Silva et al., 2007) , being 3:1 and 5:1 the most 249 conservative ones (Crisp, 1984; White et al., 2006; de Silva et al., 2007) . Despite these 250 rates between intrusive vs. extrusive material were not calculated for an exact similar 251 environment as the Payenia volcanism, we consider that are applicable and 252
conservative ones sincere present a broad stiles of volcanic settings. 253 Using these relations, we first estimated the volume of subsurface material and 254 then, divided that value by the area enclosed by the surface volcanism to obtain the 255 thickness of a possible tabular body emplaced under the surface ( 
Conclusions 261
In section 2.1 we discussed two possible density models to explain observed 262 gravity: one introducing a crustal thinning, and a second one without such a crustal 263 thinning but considering the emplacement of an important amount of mafic material 264 within the crust. This last model requires a large amount of material equivalent to a 13 265 km thick body to match the modeled gravity with the observed one. This thickness is 266 incompatible with the volume calculations made in section 2.3. We showed that with an 267 end member relation of intrusive-extrusive material rate of 16:1 the thickness of 268 subsurface material would be around 4 km which is a much lower value than the 269 required to match the gravity data if we only consider the presence of subsurface dense 270 material. This result shows that crustal thinning is crucial to explain the gravity values 271 and subsurface denser material by itself, can´t explain the gravity data. Based on this 272 conclusion we finally present a model where we incorporated both: subsurface dense 273 material and crustal thinning (Fig. 6 ). In the 2-D section we incorporated a 4 km thick 274 denser body and then we adjust the base of the crust to match the observed gravity. 275
This model explains gravity observations and is compatible with the volcanic volume 276
calculations together with the intrusive material estimations. In this last model we alsoM A N U S C R I P T
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mean geometry defining a plume feature as shown in their previous work (Burd et al., 279 2008 (Burd et al., 279 , 2014 . Moreover, the spectral analysis of magnetic anomalies allows evaluating 280 the depth to the Curie temperature (Bhattacharyya and Leu, 1975; Blakely, 1988 Blakely, , 1995 281 Tanaka et al., 1999) , which would be associated with changes in the vertical distribution 282 of temperatures in the crust (Zorin y Lepina, 1985; Ruiz and Introcaso, 2001) . If in fact 283 the crustal thinning predict by the model of Fig. 6 exists then the magnetic anomalies 284 must show a similar scenario. Following Tanaka et al. (1999) , and using the world 285 magnetic anomalies model WMM2010, Novara (2012) calculated the depth of the 286 isotherm of 573 ºC for this region which is assumed to correspond to the Curie depth 287 point, and therefore the crustal thermal structure can be directly inferred from magnetic 288 data (Fig. 7) . The Curie isotherm is shallower in the studied area towards the foreland, Table 1 Used densities in the 2-d sections (Giménez et al., 2006 (Giménez et al., , 2009 Crust normal thickness 35 km M A N U S C R I P T M A N U S C R I P T 

